Background To determine long-term quality-of-life (QOL) trajectories among breast cancer
Theories of stress and coping, self-regulation, personality, and social processes have shaped the theoretical framework for identifying determinants of psychosocial adjustment to cancer. 5 Higher perceived social support has been consistently associated with better psychological adjustment to cancer and higher QOL. 6, 7 Use of active and engagement coping strategies by breast cancer survivors is also positively associated with better QOL, while passive and avoidance strategies seem to be associated with lower QOL. [8] [9] [10] [11] [12] Personality characteristics such as optimism have also shown a positive association with better QOL in breast cancer survivors. [13] [14] [15] However, most longitudinal studies have studied change at the group level and were not able to identify underlying trajectories in QOL or predictors of subgroups at risk for poor QOL. Further, the few studies examining trajectories have generally only assessed a single aspect of QOL, mostly emotional distress [16] [17] [18] [19] [20] [21] [22] [23] or acute stress symptomatology, 24 and shown distinct trajectories of distress following a breast cancer diagnosis that are consistent with patterns of adjustment to traumatic life events suggested by Bonanno. 25 Some of these studies have also examined the psychological predictors of membership in a trajectory group, concluding that personal and social resources distinguish the different trajectories of the distress of breast cancer patients over time: Women with less self-esteem and less personal control, 19 lower sense of mastery, 20 less optimism, 20, 21, 23 higher trait and state anxiety or neuroticism, 18, 20 higher focus on symptoms and use of anxious preoccupation and cognitive avoidance as coping strategy, 17, 24 and less social support 16, 22, 23 were more likely to be classified in the higher distress groups.
Moreover, most prior investigations have not focused on cancer survivors 65 and older ("older"), who constitute two-thirds of survivors 26 ; this group will represent 75% of survivors by 2040. We know little about the trajectories of QOL in older breast cancer patients, although there seems to be considerable variability in QOL in this group. 27, 28 One study examined trajectories of self-reported cognitive function in older breast cancer survivors 29 and found trajectories consistent with ageing theory 30 : mild decline seen in normal aging; decline shifted below but parallel to normal aging; and steeper slopes of decline seen with accelerated aging.
This study extends prior research with up to 7 years of prospective data from a large extant longitudinal cohort of older disease-free breast cancer survivors ("survivors") to determine trajectories of selfreported QOL in 3 domains (physical, emotional, and cognitive function) and tests the effects of optimism, coping strategies, and perceived social support on these trajectories. The results are intended to identify subgroups of survivors at risk for accelerated declines in QOL and inform interventions to prevent functional decline. (n = 1280) completed baseline interviews ( Figure 1 ). Those who completed baseline interviews (vs refused) were slightly younger (72.7 vs 74.7 years, P = .09), had earlier stages (45.6% vs 39.2% stage 1, P = .01), and were more likely to be white than nonwhite (88.1% vs 81.3%, P = .005).
Most baseline interviews were conducted prior to initiation of systemic therapy. However, mean times from last surgery to enrollment and enrollment to baseline interview were 8.4 (SD 4.9) and 3.9 (SD 3.0) weeks, respectively, so that baseline interviews could have occurred during chemotherapy for those who received this modality. Data from those with recurrences (n = 132, 10.4%) were excluded at recurrence. Recurrence, death, and follow-up interview data are summarized on Table S1 .
Enrollment and data collection was managed by the Alliance Statistics and Data Center. Interviews were conducted via telephone by centralized staff; follow-up interviews occurred 6 and 12 months after baseline interview and then annually for up to 7 years. The median follow-up time was 4.1 years (range 0.5-7). Table S2 shows numbers of follow-up assessments available for analysis.
| Variables and instruments
Heath-related QOL was measured at all time points using the Quality Venting (α = .61) and Self-Distraction (α = .65) were considered as separate subscales.
Social Support was assessed at baseline by the Medical Outcomes Study 35 subscales for the perceived availability of Emotional Support 
36
Stage was not included since it was highly correlated with receipt of systemic therapy.
| Statistical analysis
Group-based trajectory modeling was used to identify trajectories for emotional, physical, and cognitive functional scales. 37 This approach fits a discrete, semiparametric model to longitudinal data using maximum likelihood methods to estimate probabilities for multiple trajectories, rather than using a single group mean as in traditional regression or growth-curve models. This method allows use of all observed data, even if missing for some time points. The Bayesian information criterion (BIC) was used to select the number of trajectories that best fit the data (Table S3) . Since the default model is to have all of the data treated equally and following the same trajectory, the model that has the greatest change in Bayesian information criterion from the default model gives the number of trajectories that best fit the data. Within the chosen models, the individual trajectories were examined to see if an adequate number of participants were assigned to each group, if the individual trajectories within the model were significant within the model (P ≤ 0.05) and the groups had face validity in ageing theory.
After the number of trajectories was identified, the shape of each individual trajectory within the model was tested to find the best fit.
Bayesian information criterion testing was done with intercept-only FIGURE 1 Consort flowchart models, but subsequent testing looked at linear, quadratic, and cubic shapes while maintaining that the trajectory stays significant.
Survivors were assigned to a trajectory group based on the highest predicted probability of group membership. 
| Functional trajectories
The best fit for Emotional, Physical, and Cognitive subscales data (Table S4) 
| Predictors of functional trajectories
Bivariate associations between trajectory group and other variables are shown for each functional domain in Table S5 .
In multinomial regression (Table 2 ). the adjusted odds of being in the accelerated emotional decline group (vs maintained high) were The only independent psychosocial variable that decreased the probability of being in the accelerated physical function decline The result that most older breast cancer survivors maintain good emotional and cognitive function over time is similar to observations in previous studies modelling trajectories with younger survivors. [16] [17] [18] [19] [20] [21] [22] [23] [24] The fact that one-third of older survivors had accelerated physical decline is in contrast to results in younger samples and is likely to represent normal aging processes, increased incidence of noncancer chronic illness with advancing age, and possible interactions between chronic illness and cancer and its therapies.
Several social resources and personality factors were related to increased risk of having declines in functional QOL domains. Having a higher tangible social support decreased the probability of being in the accelerated decline group in all 3 QOL domains: emotional, physical, and cognitive functions. Numerous studies have shown that social support improves psychological adjustment to cancer in younger survivors, reducing distress and improving emotional wellbeing. 6, 7, 16, 22, 23 This study extends those findings to demonstrate that tangible social support present around the time of cancer diagnosis and initial treatment may also mitigate physical and cognitive decline among older breast cancer survivors. This finding may be a direct result of support for daily activities (help with transportation or obtaining medications and groceries). Alternatively, it may also be capturing indirect effects of social integration, social networks, and/or wealth. The consistent association of tangible support with improved emotional, physical, and cognition functions suggests that this will be an important area for future research and potential intervention to decrease the probability of suffering long-term functional declines.
Personality factors were strongly but differentially related to trajectories of long-term self-reported function. Optimism and coping strategies seem to play a greater role as predictors of emotional functioning than cognitive or physical functioning. The association between high optimism and better psychological adjustment to breast cancer has been reported in previous research on short-term distress or group-level outcomes. 13 Our results for coping are also consistent with previous cross-sectional and longitudinal studies showing that strategies such as disengagement and selfdistraction that focus attention away from the stressor are associated with poorer emotional functioning. [7] [8] [9] [10] [11] [12] The present results extend those findings using group-based trajectory modeling and demonstrate that long-term emotional decline is associated with stable personality traits like lower optimism and a higher use of disengagement and self-distraction strategies among older breast cancer survivors.
Since the level of decline observed for those in the accelerated decline trajectory group was clinically meaningful, interventions tailored to personality traits could be useful to improve outcomes of older survivors.
In contrast to emotional function, for physical and cognitive trajectories, clinical variables like the type of systemic treatment received (chemotherapy AE hormonal therapy vs hormonal therapy alone) and health status (higher comorbidity and poorer prediagnosis mental and physical function) were better predictors of the long-term decline than personality.
Despite the use of a large cohort, long-term follow-up, and novel trajectory analyses data, there are several study limitations. We relied on self-reported health-related QOL data and did not have objective information on functional ability. Moreover, EORTC QLQ-C30 reliability was moderate, especially in the case of the cognitive subscale; however, it was similar to the original validation of instrument. 32 Likewise, the reliability of some of our theoretically based coping scales was only moderate; however, they were similar and in some cases higher that in the original instrument validation. 34 Next, recruitment procedure may also have generated some limitations: (1) our sample was recruited from centers participating in a national clinical trial and may not be representative of all older breast cancer survivors; (2) the small number of women having the full number of assessments is due in part to some women entering into the study later than others; however, a comparison between early and late recruits in baseline characteristics (Table S6) showed no major differences and controlling for year did not change results; (3) some baseline assessments could have been conducted during chemotherapy treatment; however, we conducted a secondary analysis examining trajectories beginning with the posttreatment assessment at 6 months and the results were comparable; and (4) the data of survivors with recurrence was from the moment of recurrence not considered in the analyses; however, comparative analyses of those with and without recurrence on baseline characteristics showed that there were not wide differences among those who ultimately experience recurrence (Table S7) . Finally, despite the fact that personality and social support were measured at baseline and used to predict long-term trajectories, this was a secondary analysis and the temporality of effects should be confirmed in future research. 
